Purpose of the study: The purpose of this study was to evaluate effectiveness of modified gap arthroplasty procedure and modified Myrhaug's preauricular incision for treating bony temporomandibular joint (TMJ) ankylosis.
INTRODUCTION
Ankylosis of the temporomandibular joint (TMJ) is an intracapsular union of the disk-condyle complex to the temporal articular surface that restricts mandibular movements, including the fibrous adhesions or bony fusion between condyle, disk, glenoid fossa and eminence. 1 Ankylosis, developing in childhood or the early stages of development is most commonly due to trauma. [2] [3] [4] [5] It is a serious and disabling condition that may cause problems in mastication, digestion, speech, appearance and hygiene. It can also causes disturbances of facial and mandibular growth, and acute compromise of the airway invariably resulting in physical and psychological disability. 6, 7 This factor makes the surgical intervention mandatory at the earliest to allow the patient to lead a physically and psychologically healthy life. Surgical techniques most commonly employed for this disease includes gap arthroplasty with or without costochondral grafting or placement of interpositional material to prevent reankylosis. 2, 4, 8, 9 The treatment of TMJ ankylosis poses a significant challenge because of technical difficulties and a high incidence of recurrence. A variety of techniques for its treatment have been described in the literature. However, no single method has produced uniformly successful results. 2, 10, 11 The aim of this study was to evaluate effectiveness of modified gap arthroplasty procedure and modified Myrhaug's preauricular incision for treating bony TMJ ankylosis. The coronoid process which is invariably elongated is removed simultaneously along with the osteotomized ankylosed mass in one piece, eliminating the need for separate coronoidectomy. 10 Postoperatively vigorous mouth opening exercises were advised under strict supervision. All the cases were followed up for a period of 5 years by clinical and radiological evaluation.
MATERIALS AND METHODS
Ten cases of intraarticular bony ankylosis of TMJ were treated with modified gap arthroplasty procedure, were included in the study. Diagnosis in all cases was made on the basis of a detailed clinical history as well as radiological findings. Computed tomography (CT) scans were taken in all the cases to determine the extent of ankylosed masses requiring dissection (Fig. 1 ). The Sawhney criteria were taken as the basis of classification 12 and type III and type IV were included in the study. Study consisted of 6 males and 4 females. Three cases were treated for bilateral ankylosis and 7 were treated for unilateral ankylosis. Written consent was taken from the patients after explaining the procedure in detail. Blind nasal intubation was successful in 5 patients. Tracheostomy was performed in 2 patients. In 3 patients, intubation was carried out with flexible fiberoptic laryngoscope to administer general anesthesia. The data were analyzed using the test to correlate significance.
INCISION
In all the cases, the joint was approached by modified Myrhaug's preauricular skin incision (Fig. 2) . Here, Myrhaug's incision was modified by extending the anterior part of its horizontal extension more forwards and downwards to prevent nerve damage and better surgical exposure. 
OSTEOTOMY CUTS
It is imperative to identify the bony landmarks like sigmoid notch, the posterior and the anterior border of ramus. First, the lower osteotomy cut was made below the sigmoid notch starting from the anterior to the posterior border. Approximately, two-third thickness of the bone was cut with the bur and the remaining one-third of the bone was split with an osteotome to prevent damage to the internal maxillary artery. The second osteotomy cut was made approximately at a distance of 1.5 cm above the lower cut and extended from the lower edge of sigmoid notch from anterior to the posterior border of ramus diverging posteriorly from the first cut. This modification of the standard gap arthroplasty procedure eliminated the need for separate coronoidectomy and allowed the ankylosed mass along with elongated coronoid process to be removed in one piece (Fig. 3 ). Mouth opening was checked using 
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Ferguson's mouth gag. Free and unhindered movement of the mandible was ascertained before closure of wound in layers with 3-0 Vicryl sutures. Finally, skin sutures were taken with 3-0 Mersilk. In all 10 cases, vigorous postoperative physiotherapy was instituted for a period of 3 to 6 months.
RESULTS
In our study, 9 patients were above 10 years and in 7 duration of ankylosis was more than 6 years. Out of 10 patients, in 6 trauma was the etiological factor and other factors were infection in 3 and unknown etiology in 1. Total joints treated were 13, in which 7 patients had unilateral and 3 had bilateral ankylosis. Preoperative mouth opening in 5 was less than 1 mm (Table1). Significance value? All the patients were followed up for 5 years and none of them presented with recurrence. Two patients had paresis to zygomatic and temporal branch of facial nerve in the immediate postoperative period and none had permanent damage to the nerve and 7 patients had mouth opening more than 25 mm when followed for 5 years. Anterior open bite was seen in 4 patients and deviation of the jaw on ipsilateral side was noted in 2 patients (Table 2) .
DISCUSSION
In this study, etiological factor for ankylosis was trauma in 6 out of 10 patients, whereas infection was the second most common cause in 3 patients. In the present series, 9 out of 10 patients were afflicted by this disease before the age of 10 years.
One of the interesting finding of this study was that all patients of this series sought treatment after an average period of 9 years from the onset of disease. Occurrence of TM joint ankylosis at an early age and the delayed treatment sought by the patient may be the principle factors responsible for severe facial deformity. This deformity becomes more pronounced in bilateral cases. In the present series, 3 cases presented with bilateral ankylosis resulting in bird face appearance, whereas rest 7 cases were of unilateral ankylosis with facial deformity and deviation of lower third of face to the affected side.
The principle surgical procedures currently used are gap arthroplasty, interpositional arthroplasty and condylectomy with costochondral grafting particularly in children. 2, 4, 8, 13 Gap arthroplasty alone gives rise to a gap between the articular cavity and the mandibular ramus and has the advantage of simplicity and short operating time. 2 Vasconcelos et al 14 reported 8 cases of ankylosis (type I to IV) treated by gap arthroplasty and found no recurrence in their series with a follow-up of at least 24 months. In our study, none of the patients were seen with recurrence after follow-up for 5 years.
Comparion of gap arthroplasty and interpositional gap arthroplasty on the temporomandibular joint ankylosis, the results showed that the range of mouth opening significantly increases after ankylosis surgery in both surgical approaches but improvement was less in interpositional gap arthroplasty. In regards to recurrence, results of interpositional gap arthroplasty were superior to gap arthroplasty. 15 Interpositional arthroplasty with autogenous or alloplastic material at the osteotomy site is a mechanism for preventing recurrence. 2, 11 However, there are possible disadvantages, such as morbidity at the donor site and unpredictable resorption, muscle shrinkage, fibroses, fascia lacking bulk, cartilage tending to fibrose and calcify when autogenous material is used, and a risk of foreign body reaction and disintegration under functional loads when alloplastic material is used. 2, 3, 6, [16] [17] [18] [19] Thus, at present, there is no ideal interpositional graft. In the current study however, interpositional graft was not used.
In the present series all the patients were diagnosed with the help of TM joint view X-rays, orthopantomograms and computed tomograms of both the affected and unaffected joints. All of these patients showed the classical radiological findings of ankylosis. A noticeable finding in 3 patients was of the complete obliteration of the sigmoid notch by the hypertrophied bony mass and even outline of the coronoid process could not be made out. Another finding was that of an unerupted tooth quite high up in the ramus in 2 of the cases due to the reduced ramus height. These findings had to be taken into consideration during surgery while planning for osteotomy cuts.
In one of the patient of this series, CT scan along with 3D scans was performed. It provided excellent information about the ankylosed mass in all the three planes viz coronal, sagittal and axial. It also provided information of the location of major anatomic structures like internal maxillary artery, parotid gland, internal carotid artery, external jugular vein, thus helping the surgeon to avoid them. 20, 21 Irrespective of the technique chosen by the surgeon, aggressive resection of the bony or fibrous ankylotic segment is crucial to avoid recurrence. 2 In addition, a dissection of the muscles of the mandibular ramus and ipsilateral coronoidectomy must be carried out to prevent inadequate intraoperative interincisal opening, because the coronoid process may be elongated in long-standing cases. 22 In our case series, duration of ankylosis in 7 of the cases was more than 6 years. So, resection of the ankylosed mass along with ipsilateral coronoid process was planned and this was carried out with a single osteotomy cut. While making osteotomy cuts, care was taken that the cuts diverged posteriorly so as to prevent the posterior ends of the bony stumps from coming in contact, while the mouth is opened. Another modification done in this study was, if sigmoid notch or a part of it was present, lower cut was made as usual from anterior to the posterior border of the ramus just below the sigmoid notch, however the upper cut was made in the region of the condylar neck, starting from just above the lowest point of the sigmoid notch from the anterior to the posterior border of the neck of the condyle upwards. This modification eliminated the need of making a separate cut for coronoidectomy. Here, coronoid process and the cut bone could be removed in one piece (Fig. 4) .
One of the positive factor influencing the success is sufficient wide surgical exposure. 23, 24 Regardless of the surgical approach used to gain access to the TMJ, the final dissection places the facial nerve at risk for damage. 25 A loss of function of the frontalis and orbicularis oculi muscles is always a possibility. 26 The incidence of complications such as permanent injury of the facial nerve is very low, 7 with rate varying from 9 to 18% 27 and 1.5 to 32%, 24 usually disappearing within 6 months. In this study, modified Myrhaug's, preauricular approach was employed in all 10 cases. Although this incision was used by Myrhaug exclusively to expose the articular eminence for eminectomy procedure, it was further modified by extending the anterior part of its horizontal extension slightly forwards and downwards. This incision was advantageous as it allowed excellent visibility of the ankylosed joint along with the exposure of invariably elongated coronoid process and preservation of most of the vital anatomical structures surrounding the joint especially the zygomatic and temporal branches of the facial nerve and massetric nerves and vessels. After surgical resection, aggressive physiotherapy as recommended was done. Many researchers have also stressed the importance of early mobilization and aggressive physiotherapy for successful treatment. 2, 6, 12, 13, 22, 28 The existing conventional jaw exerciser has 2 long beaks attached anteriorly to both the jaws as shown and is a cumbersome appliance and hence has low acceptability to the patient leading to reunion and ankylosis of the joint. For aggressive physiotherapy, we used custom made intraoral mouth opening exercise device (Fig. 5) . This appliance is constructed to deliver more forces in the posterior segment of the jaw. It is more esthetically designed resulting in better acceptability, appreciation and improved compliance of the patient.
In this study, all the patients were encouraged to move the jaw postoperatively as early as possible by taking solid foods and chewing gum to give exercise to the masticatory muscles. Regular exercises were instituted starting from 48 hours postoperatively and were continued for a period of 6 to 8 months.
CONCLUSION
Creation of sufficient gap at the ankylosed site by removing adequate bone by modified gap arthroplasty gave successful results in the follow-up period and eliminated the need of separate coronoidectomy.
The use of modified Myrhaug's preauricular approach, provided excellent visibility particularly of the elongated coronoid process, minimized bleeding, prevented damage to the vital anatomical structures surrounding the joint and gave acceptable cosmetic results.
However, the ultimate success was also dependant to a large extent on proper mouth opening exercise instituted in the immediate postoperative period continued for at least 6 to 8 months.
